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I]  TPOK'fORINO  MIUTAAV  ACTIVITY 

Rome  Air  Development  Center 
Griffiss  Air  Force  Base,  NY  13440 


A  calibrated  test  vehicle  provides  a  means  by  which  absolute  power 
gain  measurements  can  be  made  on  HF  antennas  without  installing  a  ground 
reference  antenna  at  each  installation  and  making  comparative  measurement 

N 

This  report,  describes  a  method  of  accurately  calibrating  two  air¬ 
craft  teat  vehicles  by  using  an  HF  standard  gain  ground  reference  an¬ 
tenna  whose  design  includes  ground  conductivity  parameters. 

Analytical  and  experimental  test  programs  were  performed  with  j 
C-131  aircraft  and  its  wing-tip  mounted  loop  antenna  and  a  KC-135  air¬ 
craft  with  its  boom  mounted  loop  antenna  and  fuselage  mounted  long  wire 
antenna.  Both  type  aircraft  were  calibrated  as  a  complete  receiving 
"unit",  thereby  taking  into  account  variations  in  antenna  pattern  per¬ 
formance  which  result  when  the  frequency  of  operation  approaches  the 
resonant  frequency  of  the  air  frame. 

After  calibration  at  its  home  base  these  vehicles  can  embark  on 
test  missions  to  evaluate  by  means  of  radiation  measurements  the  abso¬ 
lute  power  gain  characteristics  of  HF  antenna  installation. 
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ABSTRACT 


A  calibrated  test  vehicle  provides  a  means  by  which  absolute 
power  gain  measurements  can  be  made  on  HF  antennas  without  in¬ 
stalling  a  ground  reference  antenna  at  each  installation  and 
making  comparative  measurements . 

This  report  describes  a  method  of  accurately  calibrating 
two  aircraft  test  vehicles  by  using  an  EF  standard  gain  ground 
reference  antenna  whose  design  includes  ground  conductivity  para¬ 
meters  . 

i 

Analytical  and  experimental  test  programs  were  performed  with 
a  C-131  aircraft  and  its  wing-tip  mounted  loop  antenna,  and  a 
KC-135  aircraft  with  its  boom  mounted  loop  antenna  and  fuselage 
mounted  long  wire  antenna.  Both  type  aircraft  were  calibrated 
as  a  complete  receiving  "unit",  thereby  taking  into  account 
variations  in  antenna  pattern  performance  which  result  when  the 
frequency  of  operation  approaches  the  resonant  frequency  of  the 
air  frame. 

After  calibration  at  its  home  base,  these  vehicles  can  em¬ 
bark  on  test  missions  to  evaluate  by  means  of  radiation  pattern 
measurements  the  absolute  power  gain  characteristics  of  HF  an¬ 
tenna  installations. 
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SECTION  I 


BACKGROUND 


Airborne  techniques  to  measure  absolute  power  gain  of  high 
frequency  antennas  (3-30  MHz)  are  limited  by  the  inability  to 
estimate  the  gain  of  airborne  antennas  used  in  making  radiation 
pattern  measurements  in  this  frequency  range.  The  limiting  fac¬ 
tor  is  the  difficulty  in  isolating  the  airborne  antenna  from  the 
aircraft  upon  which  it  is  mounted.  This  report  describes  an  ef¬ 
fort  to  more  precisely  estimate  the  gain  of  such  airborne  antennas. 
The  gain  obtained  can  be  used  to  determine  the  absolute  power  gain 
of  several  existing  HF  receiving  and  transmitting  antenna  instal¬ 
lations  . 

Ground-based  horizontal  and  vertical  transmitting  dipoles, 
designed  to  operate  at  discrete  frequencies  within  the  HF  spec¬ 
trum,  were  fabricated  and  installed  at  RADC's  Verona  Test  Annex. 
Elevation  pattern  profiles  were  computed  at  different  frequencies 
and  for  various  dipole  heights  above  ground,  taking  into  account 
the  effects  on  pattern  performance  which  result  from  locating  the 
antenna  over  a  real  ground  environment,  that  is,  one  in  which  the 
ground  is  not  considered  a  perfectly  reflecting  plane,  as  is  usu¬ 
ally  assumed.  The  elevation  profiles  computed  for  this  report 
correlated  well  with  those  results  reported  by  other  authors.* 

The  computer  programs  used  in  these  computations  were  used  pre¬ 
vious1  y  in  other  antenna  pattern  analyses  supported  by  field  mea¬ 
surements.  A  high  degree  of  confidence  in  the  use  of  these  pro¬ 
grams  jesuited.  Direct  use  was  made  of  the  computed  pattern- 
gain  characteristics  of  the  dipole  in  determining,  as  a  function 
of  the  receiving  aircraft's  slant  range  and  angular  position, 
relative  to  the  dipole,  the  absolute  gain  of  the  aircraft  and  its 
antennas  as  a  single  calibrated  unit. 


*Refer  to  references  listed  .  n  Bibliography 
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SECTION  II 


ANALYSIS 


To  compute  the  elevation  pattern-gain  characteristics  of  the 
dipole  and  to  incorporate  into  the  computations  the  effects  of  a 
real  ground  environment  on  pattern  performance,  combined  reflec¬ 
tion  coefficient  and  height  factor  analyses  were  performed.  A 
brief  description  follows  of  these  programs  and  the  manner  in  which 
they  were  employed. 

When  a  plane  wave  strikes  a  surface  of  infinite  conductivity 
at  an  oblique  angle,  the  reflected  wave  has  the  same  amplitude  as 
the  incident  (direct)  wave  and  the  same  phase,  or  exactly  the  op¬ 
posite  phase,  as  the  incident  wave,  depending  upon  the  sense  of 
polarization.  However,  in  a  more  realistic  situation,  the  inci¬ 
dent  wave  strikes  a  surface  of  finite  conductivity,  resulting  in 
a  decrease  in  the  amplitude  ot  the  reflected  wave  versus  that  of 
the  incident  wave.  The  phase  relations  are  also  modified. 

The  vector  ratio  of  the  reflected  to  incident  wave  is  termed 
the  reflection  coefficient  and  is  defined  as 

R  L  P 


where 


R  =  ratio  of  the  magnitude  of  the  reflected  to  incident  wave 

d  =  phase  difference  of  reflected  to  incident  wave 

The  exact  value  of  the  reflection  coefficient  is  dependent 
apt  t  the  dielectric  constant  and  conductivity  of  the  earth,  uie 
ang  ?  of  incidence  wit'  which  the  wave  strikes  the  earth  and  the 
frequency  of  operation.  It  may  be  expressed  as  follows: 

:  !  T  2 

Reflected  Wave  e  s^n  ^2  ~  me  -  cos  4*2 
R  =  Vertical  Polarization  *  =  -  ^  t  -  - 

^  Incident  Wave  e  s^n  ^2  ~  !£  “  cos  ^2 


\  1  '  ~  ~2 

Reflected  Wave  \j_£ _  C08  ^2  “  si°  ^2 

«  Horizontal  Polarization  *  .  .  T~  ~ — 

Incident  Wave  \  G  “  cos  ^2  +  si°  ^2 
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where 


i>2  =  angle  of  Incidence 

1  -12 
e  =e  -  j  6  a  A  x  o 

e  =  assumed  dielectric  constant  of  the  earth  environment 
a  =  earth  conductivity  (EMU) 

*  =  wavelength  of  operating  frequency 

j  =  M f* 


Results  of  the  reflection  coefficient  analysis  for  horizon¬ 
tal  and  vertical  polarization  were  substituted  into  the  following 
"resultant  field  equation"  to  take  into  account  variations  in 
pattern  shape  due  to  adjustments  in  antenna  height. 


E  =  I]  sin  (sH  sin  *2 )  +  h  cos  (BH  s*n  *2^  +  *2  sin  ^2'  +  62^ 

I2  cos  [b-bH  (sin  *2)  +  62! 

where 

E  *  Electric  Field 
*1  *  1 

I2  *  Current  In  antenna  N  (obtained  from  reflection  coefficient 
analysir' 

6  *  2  ir/A 

Bp  *  Relative  phase  of  antenna  current  (obtained  from  reflection 
£  coefficient  analysis) 

i>2  *  Anqle  of  elevation 

H  «  Antenna  electrical  height  In  wavelengths 


The  reflection  coefficient  analysis  was  programed  for  the 
Honeywell  6.15/645  Computer.  It  was  performed  at  the  frequencies 
for  which  the  ground-based  dipole  was  specifically  designed, 
namely  9.01  MHz,  15.92  MHz,  17.99  MHz,  27.92  MHz  and  29.20  MHz. 
"Rich  agricultural  land  and  lew  hills"  best  describes  the  ground 
conditions  at  the  Verona  Test  Site.  These  qround  conditions  were 
represented  in  the  computer  program  by  a  conductivity  (o)  of  1  X 
10~13  EMU  and  a  dielectric  constant  (e)  of  15  ESU.  In  an  attempt 
to  further  support  the  reasonableness  of  the  ground  conditions 
assumed  at  the  Verona  Test  Site,  the  reflection  coefficient  analy¬ 
sis  was  performed  using  Verona  ground  constants  which  /ere  measured 
in  support  of  an  earlier  project.  The  comparative  data  correlated 
within  1  dB  over  5°  to  45°  in  elevation. 


Results  of  the  reflection  coefficient  analysis  were  then  em¬ 
ployed  in  the  resultant  field  equation  which  was  also  programmed 
for  the  Honeywell  635/645  Computer.  This  extension  to  the  reflec¬ 
tion  coefficient  analysis  will  be  referred  to  as  .he  height  factor 
analysis . 

Tables  1A  and  IB  list  the  basic  parameters  included  in  the  com 
bined  reflection  coefficient  and  height  factor  analyses.  The  ex¬ 
tremely  flat  terrain  at  the  Verona  Test  Site  resulted  in  the  assume 
tion  that  the  physical  and  electrical  dipole  heights  were  at  the 
same  level.  Overall  results  of  the  analysis  for  Table  1A  are  shown 
in  Figures  1  through  3,  for  Horizontal  Polarization  and  Figure  4 
for  Vertical  Polarization.  Correspondingly,  results  of  the  analy¬ 
sis  for  Table  IB  are  shown  in  Figures  5  through  9  for  horizontal 
polarization  and  Figures  10  through  14  for  vertical  polarization. 
The  vertical  profile  pattern  data  consists  of  a  plot  of  relative 
signal  level  as  a  function  of  elevation  angle,  where  the  relative 
signal  level  has  been  normalized  to  that  obtained  when  operating 
over  an  infinitely  conducting  ground.  Cross  referencing  this  da;a 
with  height  factor  analysis  performed  in  References  (1),  (2),  (3), 
and  (6)  provided  excellent  correlation  in  terms  of  overall  pattern 
shape,  particularly  with  regard  to  the  angular  positions  of  the 
various  peaks  and  nulls  for  the  antenna  electrical  heights  assumed. 


Table  1A 


il  Ki»\*  sir  , 
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TABLE  IB 

VERONA  DIPOLE 
(KC-135  #125  Aircraft) 

GROUND  CONDITIONS: 

Rich  Agricultural  Land  and  Low  Hills 


Conductivity 

-13 

»  =  1  x  10  u 

Dielectric  Constant 

€  =  15  (HSU) 

Antenna 

Polari¬ 

zation 

Freq  (MHz) 

«Ft) 

Physical 
Dipole 
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COMPUTED  ELEVATION  PATTERN 


RELATIVE  SIGNAL  LEVEL  tab) 


RELATIVE  SIGNAL  LEVEL  tdc)  _  RELATIVE  SIGNAL  LEVEL 


The  following  background  information  wil]  facilitate  inter- 

brouaht°frnm  f  ?  fata  of  Flgures  1  thro^h  14  •  *=  “  antenna  is 

brought  from  a  free  space  environment  to  that  of  a  ground  environ- 

Knt,  its  pattern  alters  due  to  the  proximity  of  groSd?  Sver 

relaSJ.  L0?h  ground  a  slx-db  improvement  in  antenna  cain 

lized  Th?sth  *  °f  free  sPace . conditions  ideally  should  be  rea- 

lized.  This  gam  improvement  is  accounted  for  in  Figure  15  Aq 

shown  xn  Figure  ISA,  B,  antenna  radiation  in  free  s^ce  consists 
only  of  direct  waves.  However,  in  the  presence  of  ground,  the 
resuitant  field  is  obtained  or  described  by  the  interference 

either  constructive! v  nr  dQofrnr.fi _  j.u-  ->  ■  . 

_ _ a  j..  •*  --  - *"v,  “Cunceii  tne  direct  and 

ground-reflected  rays,  as  shown  in  Figure  15. 
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With  ground: 


E  +  E  =  2E,  where  2E  is  the  magnitude  in  the  far  field, 

1  2 

when  E^  and  add  in  phase. 

With  no  ground  (i.e.,  free  space): 

E.  =  E,  where  E  is  the  magnitude  in  the  far  field.  Gain  im¬ 
provement  in  the  presence  of  ground  is  given, 
therefore,  by  the  ratio  of  the  squares  of  the 
field: 

(2E) 2  4E2 

~  =  =4,  corresponding  to  6  ab. 

E  EZ 

At  a  perfectly  conducting  ground  plane,  the  reflected  wave 
amplitude  equals  that  of  the  incident  wave  and  the  reflected  wave 
phase  is  either  exactly  that  of  the  incident  wave,  as  in  the  case 
of  vertical  polarization,  or  exactly  the  opposite,  as  in  the  case 
of  horizontal  polarization.  The  effect  is  shown  in  the  computed 
patterns  of  Figure  16  where  the  nearly  perfect  ground  environment 


Figure  x6 
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is  represented  by  seawater,  which  most  closely  simulates  an  in- 
finitely  conducting  reflecting  surface.  This  fig\  °  shows  a 
minimum  reduction  in  signal  level  of  .04  db  at  hh-'  pv  ak  of  the 
vertical  pattern  profile,  due  to  the  less  than  pei,.act  conduc¬ 
tivity  of  the  seawater  environment  assumed.  As  mentioned,  in  the 
presence  of  infinitely  conducting  ground,  an  antenna  gain  improve¬ 
ment  of  6  db  over  that  obtained  in  free  space  would  be  realized. 
However,  over  ground  of  finite  conductivity,  there  is  a  decrease 
in  the  amplitude  of  the  reflected  versus  direct  wave  and  tie  phase 
relations  between  the  direct  and  reflected  waves  are  modified. 
Therefore,  wher.  operating  over  a  ground  of  finite  conductivity, 
the  resultant  field  amplitude  at  a  point  in  space  varies  as  a 
function  of  the  finite  conductivity  uf  the  existent  ground  environ¬ 
ment.  As  a  consequence  of  this  variation  in  amplitude,  less  than 
the  maximum  6  db  gain  improvement  realized  over  perfect  ground  is 
obtained.  This  effect  is  shown  in  the  computed  patterns  of  Figures 

17  and  18  which  are  plots  for  the  same  antenna  electrical  heights, 
polarization,  and  operating  frequency  a.;  that  of  Figure  16.  Only 
the  ground  environment  was  varied.  Ex  ...xnation  of  Figures  3  7  and 

18  indicate  that  as  the  ground  becomes  progressively  less  conduc¬ 
tive,  the  signal  attenuation  at  the  peak  of  the  vertical  pattern 
profile  increases. 

Similarly,  Figures  19,  20,  and  21  are  computed  patterns  for 
a  vertically  polarized  half-wave  dipole  located  over  the  same  ex¬ 
treme  ground  environments  used  in  Figures  1 G  through  13.  In  is 
particularly  interesting  to  note  how  slight  the  difference  in 
sinqle  attenuation  is  at  the  peak  of  the  vertical  pattern  profiles 
shown  in  Figures  16  through  18,  for  the  extreme  ground  environ¬ 
ment  considered.  Ground  attenuation  varies  only  between  .04  dB 
for  seawater  to  .63  dB  for  a  dry  sandy  en/ironment.  However,  the 
greater  sensitivity  of  vertical  polarization  to  ground  conductivity 
is  demonstrated  in  Figures  19  through  21.  Fere,  the  ground  attenu¬ 
ation  varies  from  a  minimum  of  1.2  dB  fox  ?  seawater  environment 
to  a  maximum  of  4.7  dB  for  a  dry  ^andy  soil  environment.  Allow¬ 
ing  for  this  attenuation  factor,  the  maximum  6  dB  gain  improvement 
expected,  due  to  proximity  of  an  antenna  over  perfectly  conduc¬ 
ting  ground,  has  to  be  modified  accordingly.  Tables  IIA  and  IIB 
were  prepared  to  relate  this  behavior  for  all  frequencies  and. 
polarizations  tor  which  flight  rest  measurements  were  made.  The. 
angles  after  the  entries  in  the  ’’Ground  attenuation"  column  of 
Tables  IIA  and  IIB  are  those  angles  at  which  the  listed  attenua¬ 
tion  values  were  taken  off  the  computed  patterns  of  Figures  1 
through  14.  The  significance  of  these  selected  angles  will  be¬ 
come  more  apparent  in  the  "Data  A-alysis"  section  of  this  report. 

In  Figures  1  through  14  and  16  cough  21,  the  maximum  realiza¬ 
ble  gain  has  been  normalized  to  0  dB.  This  normalization  factor 
will  be  used  on  all  vertical  pattern  profile  data  to  be  pre¬ 
sented  throughout  this  report. 

The  pattern  data  of  Figures  1  through  14  is  . epresentative 
of  the  ground  conditions  at  the  Verona  Test  Site  where  the  flight 
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Figure  21 

test  measurements  were  made.  It  will  be  used,  the: efore,  in  direct 
support  of  the  report  objective. 

Having  analytically  established  the  radiation  field  of  a 
ground  dipole  of  controlled  geometry,  which  was  installed  in  a 
site  where  terrain  and  ground  conductivity  were  known,  the  mea¬ 
sured  energy  distribution  at  the  airborne  probe  was  determined  by 
flight  tests.  The  dipole  installation,  site  instrumentation, 
flight  test  plan,  and  overall  field  measurements  are  discussed  in 
the  following  sections. 
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TABLE  II  a 


Dipole  Gain  Over  Maximum 
Frequency  Free  Space  Ground  Combined 

(db/iso)  (db)  pain  (db) 


-.S  «  is0  7.6  dbi 


-.5  8  14° 
-.5  s  9° 


7.6  dbi 
7.6  dbi 


-4.4  8  32;  3.8  dbi  j 


KC135H25 

Horizontal 

KC 135*125 

Horizontal 

KC 135*125 

Horizontal 

KC 135*125 

Horizontal 

KC 135*125 

Horizontal 

KC135* 125 

Vertical 

KC13S* 125 

Vert ical 

KC 135*125 

Vertical 

KC135»12S 

Vertical 

KC1 35* 125 

Vertical 

9, 

.01 

15, 

,  ?2 

17. 

.99 

27, 

.92 

29. 

,2 

Dipole  Gain  Over  Maximum  Ground  Absolute 

Free  Space  Ground  Combined  I  Attenuation  Dipole  Gain 
(db/iso)  (db)  lain  (db)  I  (db) 


-2.2  8  40*  b.O  dbi 
-2.2  8  40°  6-0  dbi 
-2.85  8  40“  5.3  dbi 


-2.26  8  40°  5.9  dbi 

-.5  8  15°  7.6  dbi 


-4.1  8  21“  001 
-5.8  8  15“  2.4  dbi 
--4.8  8  16“  3.4  dbi 


.-5.7  8  18“  2.5  dbi 
-4.8  8  10“  34  dbi 


SECTION  III 


INSTRUMENTATION 

Horizontal  and  Vertically  Polarized  half-wave  dipoles  were 
fabricated  anc  installed  at  RADC's  Verona  Test  Annex.  Table  III 
lists  those  specific  frequencies  and  corresponding  element  half¬ 
wave  lengths  for  which  the  dipoles  were  fabricated. 

Table  III 

FREQUENCY  HALF-WAVE  LENGTH 


Hz) 

(Feet) 

9.0 

54.5 

15.9 

30.9 

18.0 

27.3 

27.9 

17.6 

29.2 

16  8 

As  shown  in  Figure  22A,  the  horizontal  dipole  was  supported 
on  two  60-foot  wooden  poles.  A  simple  pulley  arrangement  per¬ 
mitted  the  dipole  height  to  be  altered  as  desired.  Similarly,  the 
vertical  dipole,  as  shown  in  Figure  22B,  was  supported  on  two  60- 
foot  wooden  poles  and  used  the  same  pulley  arrangement  for  antenna 
height  adjustment. 
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FIGURE  26-A 
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Figures  23  and  24  are  block  diagrams  of  the  aircraft  instru¬ 
mentation  for  the  C-131  and  KC-135  aircraft,  respectively.  Stepped 
calibration  curves  were  ;.ade  before  and  after  each  set  of  vertical 
coverage  pattern  data  at  each  of  the  operating  frequencies.  These 
comparative  curves  did  not  vary  more  than  0.5  dB  throughout  the 
tests.  As  a  transmitting  source,  the  signal  generator  was  set.  on 
frequency  and  the  receiver  was  tuned  for  maximum  recorder  deflec¬ 
tion.  A  reference  was  then  set  using  the  built-in  attenuator  of 
the  signal  generator.  External  attenuation  was  inserted  usina  the 
variable  step  attenuators  to  select  the  dynamic  range  of  the  e- 
cc-rding  chart.  The  receiver  and  recorder  combination  was  thus 
calibrated.  In  the  reduction  of  all  data,  use  was  made  of  the 
calibration  charts,  since  linearity  was  not  assumed  to  exist 
throughout  the  dynamic  range  of  the  receiving  equipment. 

Figures  25-A  and  25-B  are  photographs  of  the  C-131  and  KC- 
135  aircraft  used  throughout  the  flight  test  measurements.  Figures 
26 -A  and  26-B  are  closeups  of  the  two  receiving  loop  antennas  used 
on  the  C-131  and  KC-133  aircraft,  respectively.  Figure  27  is  a 
diagram  of  the  ground  transmitting  equipment  configuration.  A 
Collins  KWT  6/5  transceiver  was  used  as  the  HF  transmitting  signal 
source.  Throughout  the  flight  tests,  a  ground  log  was  maintained 
of  the  forward  and  reflected  signal  levels  of  the  transmitter  out¬ 
put.  The  output  of  the  Khf  6/5  was  fed  to  a  Coupler  Monitor  CU~ 
737/URC.  This  couplet  arrangement  allowed  the  reflected  power  to 
be  maintained  at  less  than  four  percent  across  the  entire  operating 
band,  which  corresponds  to  a  reduction  in  transmitted  signal  level 
of  approximately  .3  dB.  The  radiated  power  was  monitored  durinq 
the  flight  tests  and  any  change  m  power  level  was  noted.  The 
radiated  power  was  maintained  within  +  .3  dB  across  the  operating 
band. 
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Figure  27.  Verona  Transmitting  Ground  Station 
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SECTION  IV 


FLIGHT  TEST  PLAN 

A .  Orbital  Flights  with  C-131  Aircraft 

Figure  28  shows  the  field  setup  at  the  Verona  Test  Site.  Along 
a  flight  path  parallel  to  the  dipole  axis  and  at  a  slant  range  of 
five  nautical  miles,  the  absolute  signal  levels  at  several  eleva¬ 
tion  angles  boresight  to  the  dipole  were  measured.  To  generate 
th^  vertical  profile  of  the  unit,  i.e.,  the  aircraft  with  its 
antennas,  it  was  essential  that  the  attitude  of  the  aircraft  re¬ 
main  level  at  all  elevation  angles  of  interest.  Throughout  the 
flight  tests  attitude  instruments  were  periodically  monitored  bv 
the  pilot  to  assure  that  a  level  attitude  was  maintained.  In  the 
absence  of  severe  variations  in  the  received  signal  level  and  the 
periodic  monitoring  of  pertinent  attitude  instruments,  the  air¬ 
craft  stability  was  maintained  within  +2°.  It  was  estimated  that 
a  roll  of  this  magnitude  would  vary  the  received  signal  level  by 
approximately  .  2  dB.  To  insure  that  a  flight  path  parallel  to 
the  dipole  axis  was  maintained,  an  S-band  tracking  radar.  Close 
Support  Control  Sat  AN/MSQ-1A,  was  employed.  Prior  to  each  day's 
measurements,  t ho  scheduled  flight  paths  for  successive  elevation 
angles  were  preplotted  by  the  AN/MSQ-1A  operator  for  a  coverage 
sector  of  +  30°  either  side  of  boresight,  as  shown  in  Figure  28. 

The  plots  were  then  used  as  a  reference  guide  by  the  AN/.MSO-1A 
operator  to  control  and  maintain  the  aircraft's  flight  along 
those  paths.  Reruns  were  made  of  all  flights  in  which  the  pilot 
experienced  any  effects  such  as  turbulence  and/or  gustinq  which 
might  have  altered  the  aircraft's  heading  and/or  attitude.  After 
each  pass,  the  AN/MSQ-1A  plots  were  examined  to  assure  that  devia¬ 
tions  from  the  desired  flight  path  were  no  greater  than  +  2°  in 
elevation  angle. 

The  AN/MSQ-1A  van  and  the  HF  van  communicated  by  wire  to  re¬ 
lay  aircraft  range  and  heading  information  to  the  pattern  recorder 
operator.  A  triggering  device  incorporated  into  the  recorder  per¬ 
mitted  the  aircraft's  aximuthal  heading  relative  to  the  dipole 
boresight  to  be  incrementally  strobed  onto  the  recorded  pattern. 

The  Precision  Automatic  Range  Control  System  (PARC)  was  used  to 
keep  the  aircraft  in  a  constant  orbit.  Combined  use  of  the 
AN/MSQ-1A  and  the  PARC  system  provided  an  excel  cross  check 

on  the  aircraft's  exact  range.  This  range  information  v/as  appro¬ 
priately  recorded  on  each  of  t,»e  measured  patterns.  In  the  reduc¬ 
tion  of  all  pattern  data  appropriate  compensation  was  made  for 
departure  of  the  aircraft  from  the  desired  five  nautical  mile  slant 
range  off  boresight. 

Figure  29  is  a  detailed  diagram  of  the  oroital  flight  plan. 

PRECEDING  PAGE  BUNK 
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33 *  Radial  Flights  with  KC-135  aircraft 

Figure  30  shows  the  field  setup  used  at  the  Verona  Test  Site 
to  perform  the  radial  flight  test  measurements  required  in  the 
calibration  of  the  KC-135  aircraft  and  its  associated  loop  antenna 
as  a  single  calibrated  unit.  Sixty  nautical  mile  radials,  ori¬ 
ginating  at  Verona,  were  flown  along  an  outbound  heading  of  240° 
(true)  at  an  altitude  of  29,000  feet,  MSL.  Initial  bearing  was 
established  by  the  Verona  TAC1N .  To  ensure  that  this  bearing  was 
maintained,  an  S-band  tracking  radar,  the  AN/MSQ-1A  was  employed. 
Prior  to  each  day's  measurements,  the  scheduled  flight  path,  as 
shown  in  Figure  30,  was  preplotted  and  used  as  a  reference  guide 
by  the  AN/MSQ-1A  operator  to  control  and  maintain  the  aircraft's 
flight  along  those  patns.  After  each  radial,  the  AN/MSQ-1A  plots 
were  examined  to  assure  that  deviations  from  the  desired  flight 
path  were  no  greater  than  +  1°  in  azimuth. 

The  AN/MSQ-1A  van  and  the  HF  van  communicated  by  wire  to  relay 
aircraft  range  and  heading  information  to  the  pattern  recorder 
operator  A  triggering  device  incorporated  into  the  recorder  per¬ 
mitted  the  aircraft's  range  relative  to  the  dipole  to  be  incre¬ 
mentally  strobed  onto  the  recorder  pattern.  Range  data  was  re¬ 
corded  in  five  NM  increments  on  each  of  the  measured  patterns.  In 
the  reduction  of  all  radial  measurements,  the  test  data  was  nor¬ 
malized  to  5.0  NM  slant  range. 


Figure  31  is  a  detailed  diagram  of  the  radial  flight  plan. 
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Flight  Plan,  KC-135  #125  Ratals 


Figure  31 
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SECTION  V 


DATA  ANALYSIS  AND  EVALUATION 


Measured  flight  test  data  is  shown  in  Figures  32  through  45. 
The  data  is  shown  as  a  plot  of  relative  signal  level  as  a  function 
of  elevation  angle  for  the  conditions  specified  in  the  legends. 

To  more  clearly  evaluate  the  computed  data  of  Figures  1 
through  14  and  the  measured  data  of  Figures  32  through  45,  the 
composite  plots  shown  in  Figures  46  through  59  were  prepared. 

Before  discussing  these  composite  patterns,  the  rationale  used 
for  plotting  them  as  shown  will  be  discussed.  For  the  case  of 
horizontal  polarization,  if  the  pattern  of  the  airborne  probe 
were  cosine  in  distribution,  as  shown  in  Figure  60-A,  then  the 
comparative  pattern  data  should  differ  as  a  function  of  the  cosine. 
This  factor  was  taken  into  account  when  preparing  the  composites 
by  vertically  displacing  the  measured  data  to  provide  a  "best  fit" 
between  bhe  measured  and  computed  data  which  most  closely  followed 
the  cosine  variation. 

Correspondingly  for  the  case  of  vertical  polarization,  as 
shown  in  Figure  60-B,  the  airborne  probe  has  an  isotropic  distri¬ 
bution  over  the  0  to  90°  sector  shown.  If  this  isotropic  distri¬ 
bution  truly  existed,  then  the  measured  and  computed  pattern  data 
should  be  precisely  coincident.  Therefore,  for  the  case  of  verti¬ 
cal  polarization,  the  measured  pattern  was  vertically  displaced  to 
provide  composite  patterns  which  were  most  coincident  over  those 
elevation  angles  for  which  measured  data  was  taken. 
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Examination  of  Figures  46  through  48  and  50  through  53,  all  of 
which  are  for  horizontal  polarization,  reveal  variations  between 
the  measured  and  computed  data  which  do  not  differ  at  all  anqles 
by  the  cosine  of  the  angle  PSI  (y).  Figure  60-A.  Correspondingly, 
the  data  of  Figures  49  and  55  through  58,  all  of  which  are  for 
vertically  polarized  loop  antennas,  reveal  variations  between  the 
measured  and  computed  patterns  which  should  not  exist  if  tr.  loop 
truly  radiated  isotropically  as  shown  in  Figure  60-B.  This  ->ar- 
ture  from  the  cosine  and  isotropic  free  space  distributions,  tor 
horizontal  and  vertical  polarization,  respectively,  was  attributed 
to  the  proximity  of  the  receiving  loop  to  the  aircraft  upon  which 
it  was  mounted.  This  conclusion  was  based  on  consideration  of  the 
following  factors: 

Horizontal  Polarization: 

.  A  stable  transmitting  source 

.  Repeatable  pre-post  calibration  curves 

.  Use  of  horizontally  polarized  dipole  over 
extremely  flat  ground 

Vertical  Polarization: 

.  A  stable  transmitting  source 

Repeatable  pre-post  calibration  curves 

.  Excellent  agreement  of  the  analytical  results  v;ith 
that  of  the  other  authors1'2,6  provided  a  high  de¬ 
gree  of  confidence  in  the  predicted  antenna  pattern 
profiles 

Examination  of  the  composite  data  of  Figure  49  reveals  poox 
correlation  between  measured  and  computed  data  for  angles  between 
15°  and  30°.  There  may  be  many  factors  responsible*  for  this  beha¬ 
vior.  However,  it  is  felt  that  the  Brewster  Angle  effects,  par¬ 
ticular  to  operation  in  the  vertical  mode,  is  of  prime  considera¬ 
tion.  This  effect  can  be  accounted  for  in  the  following  way.  For 
the  case  of  vertical  polarization,  the  phase  of  the  reflection  coef¬ 
ficient  varies  most  rapidly  near  those  elevation  anqles  at  which  the 
magnitude  of  the  reflection  coefficient  is  at  a  minimum.  These 
combined  effects  result  in  an  erratic  variation  in  signal  level  at 
these  angles,  when  the  composite  far  field  pattern,  obtained  from 
the  interaction  of  the  direct  and  reflected  waves  is  plotted.  For 
the  appropriate  frequency  and  ground  conditions  represented  in 
Figure  49,  the  Brewster  Anqle  exists  between  15°  and  20°.  It  is 
in  this  region  that  the  discrepancy  exists  between  the  measured  and 
computed  data  of  Figure  49. 

The  data  of  Figures  54  and  59  also  requires  separate  considera¬ 
tion  since  the  airborne  antenna  used  was  not  a  loop,  but  a  fuselage 
mounted  long  wire.  Figure  54,  a  composite  for  the  horizontal  mode, 
indicates  very  good  agreement  between  the  measured  and  computed  data 
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to  5.0  NM 

VERTICAL  POLARIZATION 
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-  RADIAL-NORMAUZI  P 

to  5.0  NM 
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20°  30*  40°  *0°  60° 
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Figure  60.  Free  Space  Pattern  of  Loop  Antenna 

However,  this  is  not  the  case  for  vertical  polarization,  as  seen 
in  Figure  59.  The  patterns  closely  track  one  another  up  to  about 
25°,  but  beyond  that  point  they  diverge.  This  behavior  beyond  25° 
may  be  accounted  for  in  Figure  61  which  is  a  plot  taken  from  Refer¬ 
ence  (8) ,  of  the  elevation  pattern  of  a  vertically  polarized  long 
wire  antenna  mounted  on  a  1/25  scale  model  of  a  KC-135  aircraft. 

The  data  shown  covers  an  angular  sector  of  90°,  i.e.,  from  the  axis 
of  the  aircraft  to  a  point  immediately  below  it.  The  response  of 
the  long  wire  from  5°  to  25°  is  seen  to  closely  follow  that  of  the 
computed  portion  of  Figure  59,  however,  from  25°  to  40°  the  re¬ 
sponse  drops  off  by  approximately  7  dB.  It  is  within  this  25°  to 
40°  sector  that  the  greatest  discrepancy  exists  between  the  measured 
and  computed  data  of  Figure  59.  Therefore,  the  most  reliable  por¬ 
tion  of  the  data  of  Figure  59  is  contained  within  the  5°  to  25° 
sector. 
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1 


go0  Figure  61 

Model  Measurement  of  Fuselage  Mounted  Long  Wire  on  KC-135  Aircraft 


Based  on  the  foregoing  considerations,  direct  use  was  made  of 
the  stepped  calibration  curves,  obtained  before  and  after  each  of 
the  profile  measurements,  in  calculating  the  absolute  g..in  of  the 
"unit",  i.e.,  the  aircraft  and  its  associated  antenna  as  a  single 
unit.  In  determining  the  dipole's  gain  at  each  of  the  operating 

frequencies,  the  signal  attenuation  due  to  operation  over  an  im¬ 
perfectly  conducting  ground  was  deducted  directly  from  the  theo¬ 
retical  gain  that  would  be  obtained  over  a  perfectly  conducting 
ground.  The  signal  attenuation  at  each  of  the  operating  frequen¬ 
cies  was  extrapolated  directly  ^rom  the  computed  data  of  Figures 
1  through  14.  Tables  IV-A  and  IV-B  list  the  absolute  power  gain 
of  the  dipole  at  the  various  elevation  angles  indicated. 

In  addition  to  ground  losses,  various  other  loss  factors 
must  be  considered.  These  have  been  divided  into  two  groups: 
those  related  to  the  airborne  receiving  system,  shown  in  Table 
V,  and  those  related  to  the  ground  transmitting  system,  (shown  in 
Table  VI) . 
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TABLE  IV  a 


Aircraft 

Polarization 

Frequency 

Dipole 
Free  Space 
(db/iso) 

Gain  Over 
Ground 
(db) 

Maximum 
Combined 
Iain  (db) 

Ground 

Attenuation 

(db) 

Absolute 
Dipole  Gain 
G2 

0-131*799 

Horizontal 

15.92 

2.15 

6.0 

8.15 

*.S  8  IS* 

7.6  dbi 

C-1311799 

Horizontal 

17.99 

2.15 

6.0 

8.15 

-.5  8  14* 

7.6  dbi 

0-131*799 

Horizontal 

27.92 

2.15 

6.0 

8.15 

*.S  8  9* 

7.6  dbi 

0-131*799 

Vertical 

27.92 

2.15 

6.0 

8.15 

-4,4  «  32 

3.8  dbi 

TABLE  IV  b 


|  Aircraft 

Polarization 

Frequency 

Dipole* 
Free  Space 
(db/iso) 

Gain  Over 
Ground 
(db) 

Maximum 
Combined 
Iain  (db) 

Ground 

Attenuation 

(db) 

Absolute 
Dipole  Gain 

KC  135*125 

Horizontal 

9.01 

2.15 

— 

8.1$ 

-2.2  «  40* 

6.0 

dbi 

KC135H2S 

j 

Horizontal 

15.92 

2.15 

ni 

8.15 

-2.2  8  40* 

6.0 

dbi 

Kei 35*125 

Horizontal 

17.99 

2.15 

6,0 

8.15 

-2.85  8  40* 

5.3 

dbi 

KC  135*125 

Horizontal 

27.92 

2.15 

6.0 

8.15 

-2.26  8  40* 

5.9 

dbi 

KC135I12S 

Horizontal 

29.2 

2.15 

8.15 

-.5  8  IS* 

7.6 

dbi 

KC 135*125 

Vertical 

9.01 

2. IS 

8.15 

4.1  8  21* 

4.0 

dbi 

KC 135*125 

Vertical 

15.92 

2.15 

8.15 

-5.8  8  1S° 

2.4 

dbi 

KC  135*125 

Vertical 

17.99 

2.15 

8.15 

-4.8  «  16" 

3,4 

dbi 

KC13S*125 

Vertical 

27.92 

2.15 

6.0 

8,15 

- S . 7  8  18* 

2.5 

dbi 

KG135»125 

Vertical 

29.2 

2.15 

6.0 

8.15 

-4,8  8  10" 

3.4 

db) 

It  is  net  to  be  inferred  that  the  loss  date  of  Tables  V 
and  VI  includes  all  possible  loss  sources  involved  in  flight 
measurements  of  this  type.  However,  those  factors  which  were 
expected  to  most  significantly  alter  the  accuracy  of  the  gain 
data  of  the  receiving  unit  are  listed. 


TABLE  V 


C-131  *799 

INSERTION  LOSS  BETWEEN  KCVK  8  WING  TIP  LOOP 
(100  Feet  RF  Cable  RG-117  A/U) 

FREQUENCY  (MHz) 

LOSS  (db) 

e,  m  R 

.26 

15.922 

.31 

|  17.993 

.32 

27.920 

.48 

29.200 

.49 

KC- 135  *125 

INSIRTION  LOSS  BETWEEN  P.CVR  8  BOOM  MOUNTED  LOOP 
(130  Feet  RF  Cable  RO-9A/U) 

FREQUENCY  (MHz') 

LOSS  (db) 

9.018 

.67 

15.922 

.70 

17.993 

.78 

27.920 

1.28 

29.200 

1.30 

INSERTION  LOSS,  (db)  TX  LINL 

LONG  WIRE  KC-135  #125(5  Ft  RF  Cable  RG-  115/U) 

I  R!  QUINCY  (MHz) 

r 

LOSS  (db) 

79.20 _ 

_ 0 _ 

A  IRBORM  Rl  ('[  IVING,  SYSTI'1  LOSSES  (db) 


TABLE  VI 


INSERTION  LOSS  (dbj  FOR  DIPOLE  TX  LIM. 
150  Foot  (Belden  8210) 


4 


FREQUENCY  (MHz) 

LOSS  (db)  : 

9.018 

3.0 

1 

_ l 

15.922 

3.1 

_ l 

|  17.993 

3.15  | 

27.920 

t 

3-28  _ 1 

29.200 

3.30 

1 

_ 1 

GROUND  TRANSMITTING  SYSTEM  LOSS 
Due  to  Mismatch 


ntlQULNCY  (MHz) 

LOSS  (db) 

9.018 

O 

_ 

15.922 

o  | 

17.993 

o  ! 

27.920 

o  : 

;  29.200 

n  ' 

M1ASURII)  GROUND  TRANSMIT  HR  SYST  !  M  I  OSSLS 
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SECTION  VI 


GAIN  CALCULATIONS 

The  following  discussion  outlines  the  procedure  for  deter¬ 
mining  the  absolute  gain  of  the  receiving  unit  as  a  function  of  its 
aspect  angle  relative  to  the  ground-based  transmitting  dipole. 

Figure  62  is  a  diagram  of  the  field  setup. 


R  Transmitting 


PD?  *  PR?/  PL?  (Equation  1} 

Ae^ 


where 

PO2  *  Power  density  impinging  on  the  Receive  Antenna 

PR2  *  Power  measured  at  the  receiver  input  (extrapolated  directly  from 
the  recorded  patterns  >n  a  plane  perpendicular  to  the  dipole  axis 

PL?  *  Power  loss  due  to  cable  attenuation,  impedance  mismatch  etc. 
as  listed  in  Table  V 
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Ae? 

where  Ae? 


*  Effective  aperture  of  Antenna  #2 

* 

"*r 


fiu  =  Gain  of  the  unit  (l.e.  aircraft  and  Its  associated  antenna) 

A  =  Wavelenqth  of  operating  frequency 

PD2  can  also  be  expressed  as  follows: 

PD?  =  (Equation  2) 

4irR2 


where: 

PD?  5  Power  density  impinging  on  the  Receive  Antenna,  2. 

PRADj  =  Power  radiated  by  the  Transmit  Antenna;  1 . 

R  =  Slant  Range  between  Antenras  1  and  2. 

Equating  Equations  1  and  2 


Recalling 


PR?  +  PL? 
Ae? 


PRAD]  = 


PRADi 
4itR2  *’• 

(PR?  +  PL2)(4*R2) 
Ae? 


Ae? 


9 


V2 

4* 


and  substituting  Equation  4  Into  Equation  3 

PRAD,  =  (PR?  4  PL?)(4wR2) 
GuA2 
“4w 


PRAD1 


(PR?  *  PL?)(4itR)2 
G^A2 


(Equation  3) 


(Equation  4) 


(Equation  5) 
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where 


x 


ar 


c 

T 


where  c  *  Speed  of  light  in  meters  per  second 
f  =  Frequency  in  Wz 


x2 


(  300  >2 

Treq/MHz' 


Substituting  Equation  6  into  5: 

PRAD,  - 

'  (su)(MJ) 

f! 

=  (PR;  *  PLg) (4.R)2 (f 2 ) 
1  (GU)(300)P 


Letting  K  =  [^5)2  where 


5  =  Range  in  meters  K  =  1.5  X  105  for  R 

PRAD,  =  (pR?+pL2)(K)(f2)  . 

,  .  . 

ft  .  r(PR2  +  PL?)(K)(f2), 
bu  "  L  - - - -  J 

PIN^Gl) 

where  PRADj  *  (PIN)  (rt) 

PIN  "  Pincident  "preflected*ploss  from  Table  VI) 

61  s  Gain  of  Antenna  1,  obtained  from  Tables  IV-A  and 


Vi 


(Equation  6) 


(Equation  7) 


5  N.M. 


(Equation  8) 


T 


Table  VII -A 


URCRAFT 

ANTENNA 

POLAR¬ 

IZATION 

FREQ 

(MHO 

PROBE 

BLBV 

ANCLE 

POWER 

RECEIVED 

DM 

PC.  DIPOLE 
ABSOLUTE 
POWER  CAIN 

POWER 

RAD 

WATTS 

uMits 

CAIN 

C-I31 

Wing  Tip 
Loop 

HOR 

11.* 

15* 

-sa.2 

7.69  dbi 

129.36 

-33.2 

dbi 

C-1.S! 

Wj.'g  Tip 
Loop 

HOH 

17.9 

13* 

-S3. 2 

7.68  dbi 

128.92 

-27.22 

dbi 

C- 151 

Wing  Ti  » 
Loop 

HOR 

27.9 

9" 

-S6.0 

7.64  dbi 

127.77 

•26.4 

dbi 

C-l„' 

Winr  Tip 
L^jp 

VERT 

27.9 

14* 

-68.0 

1.4  dbi 

26. S 

-27.0 

dbi 

URCRAFT 

ANTENNA 

POLAR¬ 

IZATION 

FREQ 

(MHz) 

—  Table 

PROBE 

ELEV 

ANCLE 

VII-B  — 

POWER 
RECEIVED 
DBM 

PGi  DIPOLE 
ABSOLUTE 
POWER  GAIN 

POWER 

RAD 

WATTS 

uMits 

GAIN 

KC  -  1 3  5 

Book  Mtd 
Loop 

HOR 

9.0 

|  IS* 

i 

5  -79.0 

2  *  1 S  dbi 

32.80 

-53.3 

dbi 

KC-13S 

Boob  Mtd 
Loop 

HOR 

IS. 9 

i  IS* 

-83.0 

0  dbi 

20.0 

-50.1 

dbi 

KC-13S 

Boob  Mtd 
Loop 

HOR 

17.9 

15* 

1 

-83.0 

0  dbi 

20.0 

-49.2 

dbi 

KC-13S 

Boon  Mtd 
Loop 

HOR 

27.9 

15* 

-75. 0 

1.2  dbi 

25.0 

-37.2 

dbi 

IkC-13S 

Boob  Mtd 
Loop 

VERT 

9.0 

15° 

-84.0 

4  dbi 

SO.O 

-60.0 

dbi 

-  KC - 1 3  5 

Boob  Mtd 
Loop 

VERT 

IS. 9 

IS* 

-78.0 

2.4  dbi 

34.76 

-47.6 

dbi 

KC-13S 

Boob  Mtd 
Loop 

VERT 

17.9 

IS* 

-82.0 

2.2  dbi 

32.64 

-50.3 

dbi 

KC- 1 35 

j 

Boon  Mtd 
Loop 

VERT 

27.9 

IS* 

-80.0 

2.8  dbi 

36.48 

-45.0 

dbi 

|kC-13S 

Long  Wire 

HOR 

29.2 

20* 

-SS.0 

7.2  dbi 

141.8 

-2S.0 

dbi 

1  KC- 1 3S 

_ - 

Long  Wire 

VERT 

29.2 

11* 

-4S.0 

3.4  dbi 

40.0 

-10.0 

dbi 
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Using  this  approach.  Tables  Vll-A  and  VII-B  were  prepared. 

They  are  consolidations  of  all  pertinent  data  required  to  obtain 
the  "Units"  gain  as  a  function  of  operating  frequency.  The  data 
was  determined  at  those  "Probe  Elevation  Angles"  specified  in  the 
tables.  Using  the  "Units"  gain  obtained  at  each  of  these  particu¬ 
lar  angles,  the  absolute  gain  at  all  other  angles  was  then  deter¬ 
mined  by  taking  the  relative  difference  in  signal  level  with 
respect  to  that  point. 

Based  on  the  earlier  assumptions  in  the  Wta  Analysis  Section, 
that  variations  between  the  measured  and  computed  data  were  due  to 
the  proximity  of  the  airborne  antenna  to  the  aircraft,  gain  con¬ 
tours  have  been  plotted  as  shown  in  Figures  63  through  76.  The 
contours  are  plots  of  these  variations,  in  decibels  (dB) ,  as  a 
function  of  the  elevation  angle  PSI  (ijt)  .  x.te  gain  data  is  shown 
relative  to  the  energy  distribution  from  an  isotropic  source. 

The  power  gain  data  shown  in  Figures  63  through  76  may  be 
used  in  the  following  manner  to  determine  the  absolute  power  of 
a  typical  high  frequency  antenna  installation  as  shown  in  Figure 
77. 


GAIN/ISOTRPIC  tdb) 


< 


AIRCRAFT:  C-1S1 
ANTENNA :  Wing  Tip  Loop 
FREQUENCY:  15.9  MHi 
POLARIZATION:  Horizontal 

_ :  Measured 

Isotropic 


POWER  GAIN  DATA 
Figure  63 


Figure  63.  Power  Gain  Data 
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CAIN/ ISOTROPIC  (db) 


CAIN/ ISOTROPIC  <db) 


AIRCRAFT:  C-131 
ANTENNA:  Ming  Tip  Loop 
FREQUENCY: 27. 92  MHz 
POLARIZATION:  Horizontal 

- :  Measured 

Isotropic 


POMER  GAIN  DATA 
Figure  65 
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GAIN/ ISOTROPIC  (db) 


GAIN/ ISOTROPIC  (db| 


AIRCRAFT:  RC-135 
ANTENNA:  Boon  Mtd  Loop 
FREQUENCY:  IS. 9  MHz 
POLARIZATION:  Horizontal 
Measured 
Isotropic 


POWER  GAIN  DATA 
Figure  68 


CAIN/ISOTROPIC  (db) 


mmk 

ml 


AIRCRAFT:  KC-13S 
ANTENNA:  Boom  Mtd  Loop 
FREQUENCY:  17.9  MHz 
POLARIZATION:  Horizontal 
Measured 
Isotropic 


POWER  GAIN  DATA 
Figure  69 
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AIRCRAFT:  IC-1JS 
AXTEXKA :  Long  Hi rt 
FREQUENCY:  29.9  MHz 
FOLARI2ATION:  Horizontal 

- :  Measured 

— Isotropic 


POLARIZATION:  Vertical 

- :  Measured 

Isotropic 


Measured 

Isotropic 
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POWER  GAIN  DATA 
Figure  76 
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Figure  77.  HF  Antenna  Installation 


r  e  (PR2  ♦  P’.2)00(f2) 

uU  - 

PRADJ 

where:  Gy  at  the  appropriate  frequency  and  Theta  (0)Angle  is  obtained 

from  Figures  63  through  76 
(4irR2) 

K  «  - - -  for  the  appropriate  Slant  Range  (meters) 

(300)2meters 

f  *  Frequency  (MHz) 

PRADj  ■  Power  radiated  by  antenna  under  test  (#1) 

Solving  for  "PRADj" 

PRAD,  *  (PR2  ♦  PL2)(K)(f2) 

Substitute  "PRADj"  into  the  following: 

PRADj  •=  (Gj)  (PINj) 

where: 

Gj  *■  Gain  of  unknown  antenna. 


63 


64 


[{•mi: 
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to  -:b  *\o  ‘  b  .  jo  kk  r100  'to  -fo 

RECEIVED  SIGNAL  LEVEL  (dh«)  RECEI'ED  SIGNAL  LEVEL  (<Ib») 


mo 
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:  Ft*ld  (J)  - 


J'**f 
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p 

IN^  =  Power  input  to  Antenna  #1 
PlNl  =  PINC  '  PREFL  '  PL0SS 


rr„=(pR2+PL2)(K)(f2)/Gu1 

L  1  - PTfTj - ~J 

In  order  to  facilitate  use  of  the  gain  data  of  Figures  63  through 
76,  Figures  78  through  91  were  prepared.  These  figures  relate  the 
gain  data  of  Table  VII  to  a  variable  "PR"  Power  Received  (dBm)  at 
the  Airborne  Receiver  to  predict  both  the  power  radiated  (watts) 
by  the  Ground  Antenna  and  Field  Strength  (volts  per  meter)  im¬ 
pinging  on  the  Airborne  Antenna.  For  example: 

Referring  to  Figure  80  at  a  5.0  nautical  mile  range  and 
for  an  assumed  receive  power  of  -57  dBm,  the  power  radia¬ 
ted  by  the  Ground  Antenna  is  100  watts  and  the  Field 

Strength  at  the  Airborne  Antenna  is  5.9  — : 

M 

Similar  data  for  ranges  of  10  to  20  nautical  miles  has  been 
included  in  the  graphs  of  Figures  78  through  91. 

The  equations  used  to  obtain  the  data  of  Figures  78  through 
91  are  contained  in  the  legends  of  these  figures.  The  eguation 
for  the  power  radiated  by  the  Ground  Antenna  was  obtained  as 
follows : 

Gu  =  (PR2  +  PL2)(K)(f2)/PRAD1  (Equation  8) 


Therefore: 

PRAH 

The  Field  Strength  a 
lows  : 

PDFN 


PDEN 

Equating  1  and  2: 


120w 


«  (pp?  +  pL  ?)(Khf2) 

Gu 

the  airborne  antenna 


"  l?0lT 

PRAD 

4wR2 

=  PRAD 
4wR2 


was  determined  as  fol- 

(Equation  1) 

(Equation  2) 
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,y>2  PRAD  (120tt) 
V  '  4nR2 


(V)2  =  (PRAD) (30) 

M  r2 

(»)  =  t'-Mo)]15  jftg 
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SECTION  VII 


CONCLUSIONS 


Two  aircraft  have  been  calibrated  as  field  probes  for  making 
absolute  power  gain  measurements  of  high  frequency,  HF,  antenna 
installations,  thereby  eliminating  the  need  for  a  reference  an¬ 
tenna  at  each  installation.  Conventional  measurement  techniques 
make  use  of  a  reference  antenna  in  close  proximity  to  the  test 
antenna  in  order  to  make  comparative  radiation  pattern  measure¬ 
ments  .  The  use  of  a  reference  is  complicated  by  (a)  limited 
availability  of  standard  HF  reference  antennas  and  (b)  installa¬ 
tion  of  these  physically  large  structures.  The  availability  of 
these  calibrated  test  vehicles  circumvents  the  need  for  a  reference 
antenna  at  each  site;  additional  cost  of  the  reference  antenna 
installation  in  remote  sites;  and  additional  flight  time  and  data 
reduction  effort  required  at  every  test  location  to  check  validity 
of  correlation. 

The  technique  used  in  the  calibration  consists  of  estab¬ 
lishing  a  known  radiation  field  by  means  of  a  ground  based  dipole 
of  controlled  geometry  installed  in  a  site  where  terrain  and  ground 
conductivity  are  known,  thus  allowing  the  field  intensity  to  be 
accurately  calculated.  Flight  tests  were  then  conducted  using 
precise  positioning  and  attitude  control  of  the  aircraft,  from 
which  data  .is  obtained  to  establish  the  required  calibration. 

The  airborne  antennas  we re  used  in  the  receive  mode,  and  all 
flight  test  measurements  were  made  in  the  CW  mode.  Calibration 
was  accomplished  for  both  vertical  and  horizontal  polarization. 
Substantial  correlation  was  achieved  oetween  the  theory  and  experi¬ 
ment  to  validate  the  results.  The  criteria  for  instrumenting  the 
aircraft  and  for  designing  and  using  the  "standard"  ground  dipole 
installation  have  been  established. 

Based  upon  the  extreme  care  and  control  with  which  fliqht 
tests  were  made,  the  absolute  gain  data  contained  in  this  report 
is  considered  accurate  within  +2.5  dB  (Appendix  A). 
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APPENDIX  A 


In  an  attempt  to  realistically  estimate  the  accuracy  of  the 
gain  data  of  Tables  VII-A  and  VII-B,  the  following  error  budget 
was  prepared.  The  primary  factors  involved  are: 

a.  Precise  knowledge  of  ground  constants 

b.  Control  of  aircraft  position  and  attitude 

c.  Equipment  accuracy 

d.  Insertion  loss 

e.  Human  error,  i.e.,  operator  effects 
Estimate  of  Errors: 

a.  Uncertainty  in  ground  electrical  constants  about  +  1.5  dB 

b.  Throughout  the  flight  tests  aircraft  attitude  instruments 
were  periodically  monitored  by  the  pilot  to  assure  that  a  level 
attitude  was  maintained.  The  stability  was  maintained  within  +  2°. 
It  was  estimated  that  a  roll  of  this  magnitude  would  vary  the  re¬ 
ceived  signal  level  approximately  +  0.2  dB. 

c.  Equipment  accuracy:  The  radiated  power,  monitored  durinr 
the  tests,  was  maintained  within  +  0.3  dB  across  the  operatinq  band. 
Pre-  and  post-calibration  curves  were  repeatable  within  +  0.2  dB. 

d.  Cable  loss  uncertainty  was  about  +  O.j.  dB. 

e.  Operator  effects  probably  amounted  to  +  0.2  dB 

The  total  uncertainty  is  therefore  +  2.5  dB. 

In  terms  of  an  RMS  error  value,  consideration  of  the  above 
variables  provides  a  total  RMS  of  +  1.5  dB. 
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